KOHNO, S., WATANABE, K., HAMAMOTO, A., DOTSU, Y., KOGA, H., HAYASHI, T., SHIGENO, Y., YAMAGUCHI, K., SAITO, A. and HARA, K. Transthoracic Needle Aspiration of the Lung in Respiratory Infections. Tohoku J. Exp. Med., 1989, 158 (3), [227] [228] [229] [230] [231] [232] [233] [234] [235] Transthoracic needle aspiration of the lung in guinea pigs with experimental pseudomonas pneumonia was evaluated. The number of bacteria in aspirates correlated well with that of bacteria in the lungs which showed diffuse pneumonia (10' inoculum group). The number of deaths of experimental animals increased together with an increase of the times of aspiration. This procedure was also investigated in 16 patients of pneumonia and 17 patients of pulmonary abscess. The isolation rate of pathogen from pneumonia was 31.3% and that from pulmonary abscess 58.8%. A higher isolation rate was obtained with purulent aspirates. Predominantly anaerobic bacteria were isolated, and in pulmonary abscess usually in association with other bacteria. This method could be applied with success, for determining responsible pathogens. Even the normal oropharyngeal flora such as a-Streptococcus could be identified as pathogens. The complication rate was relatively low (6 out of 33 patients, 18.2%) including hemoptysis as a major one and pneumothorax or bloody sputum as minor ones. Transthoracic needle aspiration was reevaluated in experimental and clinical materials and was found to be an excellent and safe method for determining the responsible pathogen of respiratory infection, percutaneous lung aspirate ; pulmonary abscess ; pneumonia ; experimental pseudomonas pneumonia It has been difficult to identify a causative pathogen of pneumonia due to contamination of sputum by normal oral flora, or due to difficulty in obtaining respiratory secretion. The most common technique for the detection of causative organisms is sputum culture and gram stain, but the sputum usually contains oral flora. Since 1883 transthoracic needle aspiration has been a useful method for the collection of uncontaminated specimens from pneumonia patients and for cytological examinations of questionable pulmonary malignancies (Leyden 1883).
Transtracheal or transbronchial aspiration by bronchofiberscope is also useful, but the transtracheal aspirate may be contaminated by upper respiratory flora and the transbronchial aspirate by oropharyngeal flora. To avoid these problems, transthoracic aspiration needle biopsy with the aid of fluoroscope (Nordenstrom 1965) or an ultrathin needle (Zavala and Schoell 1981) was reevaluated.
For this purpose a fundamental study of needle aspiration was done using guinea pigs with experimental pseudomonas pneumonia, and clinical investigation was performed in patients with pneumonia and pulmonary abscess.
MATERIALS AND METHODS
Bacterial counts of the transthoracic needle aspirate from guinea pigs with experimentally induced pseudomonas pneumonia
Male Hartley guinea pigs (specific pathogen-free, body weight 200-250 g) were anesthetized by an intraperitoneal injection of 5 mg of 2% xylazine sulfate (Bayer, Leverkusen, FRG) and 100 mg of ketamine hydrochloride (Sankyo, Tokyo) per kg. After preparation of the unshaven anterior neck region with povidone iodine (Isodine® solution ; Meiji, Tokyo), 0.5% lidocaine in a volume of 0.3 to 0.5 ml was injected subcutaneously. The trachea was then exposed by an aseptic surgical technique. A bacterial suspension (0.3 ml ; 106 or 10' CFU/ml) of Pseudomonax aeruginosa NC 5 was injected into the trachea and the incision was then closed with steel clips.
Twenty-four hr after inoculation, guinea pigs were anesthetized by the same method and the anterior chest region was disinfected by 80% ethanol. Transthoracic needle aspiration was performed in 16 animals (106 CFU/ml inoculum group) and in 15 animals (10' CFU/ml inoculum group) respectively with a 22 gauge needle and a 10 ml syringe. The aspirate was then inoculated on Tryptic Soy Agar and the number of bacteria was counted. The animals were bled to death and the lungs were homogenized with the same volume of sterile physiological saline. The number of bacteria was measured by the same method.
Complication of transthoracic needle aspiration in guinea pigs with experimentally induced pseudomonas pneumonia Experimental pneumonia was produced by the same method as that used to infect animals for counting the number of Pseudomonas aeruginosa. Transthoracic needle aspiration was performed once, thrice, or five times at one and the same time in the same animals of both control and experimentally induced pneumonia groups of ten animals each by the same method as that mentioned above, and survival rate was evaluated.
Transthoracic needle aspiration in patients of pneumonia or pulmonary abscess Subject. This prospective study, begun in 1983, included patients at Nagasaki municipal medical center and Nagasaki University Hospital who had a fever and pulmonary infiltrate with or without cavity on chest roentgenograms and were suspected of having pneumonia or pulmonary abscess. Sixteen cases of pneumonia (male to female= 10: 6, and the average age was 44.6+21.2 (s.D.) years) and 17 cases of pulmonary abscess (male to female= l2 : 5, and the average age was 53.9+ 16.0 years) were subjected to this study before administration of antibiotics.
Aspiration procedure. A needle aspiration site was determined by fluoroscope, with reference to the location of pneumonia or pulmonary abscess on chest roentgenogram, and was marked on the skin by a marker. The skin surface was prepared by swabbing with povidone-iodine and after one min excess antiseptic was removed with a sterile gauze. 
RESULTS

Bacterial counts of lung aspirates in guinea pigs with experimentally induced pseudomonas pneumonia
Correlation between the number of bacteria in the lung and the aspirate is shown in Fig, 1 . In the 106 CFU/ml inoculum group, there was no correlation between the number of bacteria in the lung and that in the aspirate. 4n the other hand, there was a good correlation between the two in the 107 CFU/ml group.
The isolates were identified as P. aeruginosa. A pathological examination revealed patchy infiltration of neutrophils in the 106 CFU/ml inoculum group and diffuse infiltration in the 107 CFU/ml group.
Survival rate after transthoracic needle aspiration
In both normal and pneumonia guinea pigs, the death of experimental animals increased together with an increase of the times of aspiration (Fig. 2) . The death of animals within one day presumably could be ascribed to complications caused by aspiration procedure. Autopsy revealed that the death of most animals was caused by hemothorax. Isolates from sputum and aspirates from patients with pneumonia or pulmonary abscess
Transthoracic needle aspiration was performed in 16 patients with pneumonia and 17 patients with pulmonary abscess. In 5 of 16 pneumonia and 10 of 17 pulmonary abscess, infectious agents were recovered for a positive yield of 45.5%. Most of these patients were able to expectorate sputum so that a comparison could be made between sputum and aspirates. The organisms isolated from pneumonia are listed in Table 1 and those from pulmonary abscess in Table 2 , respectively. On the basis of bacteriologic data and the clinical course, two patients were found to have pneumonia caused by a-Streptococcus. By the same criteria one patient had pneumonia caused by Streptococcus pneumoniae & Staphylococcus aureus. Another one had pneumonia caused by Streptococcus pneumoniae and the remaining one pneumonia caused by Peptostreptococcus. Responsible pathogen was identified in the aspirate of 5 of 16 pneumonia cases (including 4 cases of Mycoplasma pneumoniae pneumonia), but was identified in the expectorated sputum of only one patient. In addition, the sputum expectorated of by one patient contained a large number of Acinetobacter anitratus. In another case the sputum contained a large number of Hemophilus inf luenzae.
On the basis of radiological characteristics such as cavity or niveau formation, bacteriologic data and the clinical course, 16 patients were found to have pulmonary abscess. One patient was diagnosed as having pulmonary tuberculosis, because Mycobacterium tuberculosis was isolaced from the expectorated sputum and aspirate. Anaerobic bacteria were isolated from 4 pulmonary abscess patients, (usually they are found as microbes of mixed infection) followed by Pseudomonas aeruginosa and gram positive cocci. Responsible pathogen was found in the aspirate of 10 patients, but in the sputum expectorated from only 4 patients. Of 33 aspirations, 13 purulent aspirates revealed 9 positive and 4 negative isolations, compared with 20 non-purulent aspirates that showed 6 positive and 14 negative isolations.
Of the 33 aspirations, 6 cases showed complications including one major complication of hemoptysis (approximately 100 ml) and other minor complications such as pneumothorax for which an insertion of a chest tube was not required (3 patients), bloody sputum excluding transient blood-streaked sputum (two patients) and hemothorax with a small amount of bloody effusion (one patient).
DISCUSSION
It is important, but difficult to identify the real pathogen of respiratory infection. To overcome this difficulty, efforts should be made to obtain specimens as suitably as possible by reducing oropharyngeal contaminants. Transthoracic needle aspiration is an excellent method for this purpose, since specimens are taken directly from the site of infection with a small risk of contamination.
It is quick, and has advantage over transtracheal aspiration or culture of samples obtained by bronchoscopy, because no lidocaine which might suppress bacterial growth is used. However, this method is not free from complications, such as pneumothorax, hemoptysis, pulmonary hemorrhage (Peacre and Patt 1974) or air embolism (Westcott 1973) , The incidence of pneumothorax (2726 of 5300 patients), 7.7% of which required exsuffiation or drainage, was 27% and the incidence of hemoptysis was 2% (Sinner 1976 ).
This procedure was developed in 1883 (Leyden 1883), and we reevaluated its usefulness by experimental and clinical trials. A fundamental study of the aspiration method using guinea pigs with experimental pseudomonas pneumonia showed that less animals died by reducing the times of aspiration. This tendency could be substantiated by our clinical data, because the rate of complication of our clinical trial was rather low. The result of quantitative culture of the aspirates from guinea pigs reflected the number of bacteria in the lungs of pneumonia, when lesions were diffuse. This suggests that in cases of localized pneumonia, a precise puncture is necessary to obtain satisfactory specimens. For example, by the use of image intensified fluoroscopic (Castellino and Blank 1979) , ultrasonic, and/or CAT aid. Bandt et al. (1972) reported a high isolation rate of causative organism (76.2%) from immunocompromised patients with pulmonary infection by needle aspiration with few complications. Davidson et al. (1976) reported that lung aspiration yielded single, definitive isolates more frequently from acute pneumonia patients than expectorated sputum or transtracheal aspirate did. Needle aspiration was also useful for the diagnosis of Pneumocystis carinii pneumonitis even in children (Chaudhary et al. 1977 ). Legionnaires' disease was rapidly diagnosed by direct immunofluorescence of aspirates (Giglia et al. 1979 ). Needle aspiration was applied with success for bacterial pneumonia with cavity or for anaerobic bacterial pneumonia (Suzuki at al. 1983) , and was proven to be a great help for the diagnosis of fungal disease or mycobacterium infection when combined with cytological and bacteriologic procedures (Silverman and Marrow 1985) . The isolation rate of responsible pathogens from our pneumonia patients was relatively lower (5 out of 16, 31.3%) that that in other reports (Davidson 80% (1976), Bandt 76% (1972), Castellino 73% (1979), Chaudhary 60% (1977)). The low isolation rate could be ascribed to the fact that four patients of Mycoplasma pneumoniae pneumonia were included in 16 pneumonia patients, and that some patients had already been treated with antibiotics before transfer to our hospital. To a certain extent, the sampling technique, the timing of the procedure or involvement of uncluturable pathogens in artificial media such as virus or Chlamydia might affect the isolation rate.
The isolation rates from pulmonary abscess patients were higher (10 out of 17, 58.8%) than those of pneumonia, which could be due to the higher rate of the presence of pus (12 out of 17, 70.6%) in pulmonary abscess than in pneumonia. Anaerobic bacteria were predominant isolates (4 out of 17, 23.5%), usually in association with other bacteria (12 out of 17, 70.6%). It was found also that even a-Streptococcus, which is usually classified as normal oropharyngeal flora, could be a responsible pathogen.
These data suggest that the transthoracic needle aspiration is an excellent method to identify a responsible pathogen in respiratory infection, especially in plumonary abscess, because the rate of isolation is higher from aspirates than from sputum and because complications are relatively rare.
